In this paper, the existence of a common quadratic Lyapunov function for stability analysis of MEMS Gyroscope dynamic systems has been studied then a new method based on stochastic stability of MEMS Gyroscope system has been proposed.
Introduction
Before discussing the inner workings of a real MEMS vibratory rate gyroscope, we can first take a step back to understand the physics involved in the system. After this discussion of the concepts, it will be easier to explain why the gyroscope is constructed as it is [1, 2] . Common MEMS vibratory gyroscope configurations include a proof mass suspended by spring suspensions, and electrostatic actuations and sensing mechanisms for forcing an oscillatory motion and sensing the position and velocity of the proof mass. These mechanical components can be modeled as a mass, spring and damper system. The mass in a vibratory gyroscope is generally constrained to move either linearly or angularly [2] . One of the most interesting phenomena for linear gyroscopic dynamic systems is that gyroscopic forces may stabilize a conservative system which would have been unstable in their absence [3] . In recent years many researchers has been worked in this area such as Ranislav. M. Bulatović used negative definite stiffness matrix for the stability of linear conservative gyroscopic systems [3] , and he used the positive-definiteness of a certain matrix for the stability of linear conservative gyroscopic system [4] , Christian Pommer worked on Gyroscopic stabilization and indefinite damped mechanical systems [5] , L. A. Burlakova worked on Gyroscopic Stabilization with the Singular Matrix of Gyroscopic Forces [6] . Substantial attention has been paid to the problem of stability and stabilization of gyroscopic systems in the monograph [7] . 
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At the core of the MEMS gyroscope is a proof mass that has two degrees of freedom [1] . The gyroscope system is actually a classic example of a mass-spring system. Fig.1 , demonstrates this system with a proof mass (m) and four springs defined by four spring constants (kx1, kx2, ky1, ky2), [1, 2] .
Figure 1: Model of MEMS Gyroscope
The dynamic equation of a mems gyroscope is simplified as follows [1] .
Where , x y and z are the coordinates of the proof mass relative to the Gyroscope frame, 1, 2 ddare damping Coefficients and 1, 2 kk are spring coefficients and ,  [1, 2] . In practice, however, small fabrication imperfections always occur, and also cause dynamic coupling between the x and y axes through the asymmetric spring and damping terms. These are major factors which limit the performance of MEMS gyroscopes. Taking into account fabrication imperfections, the dynamic equations (1) kk also include the electrostatic spring softness [2, 8] . Supposing that no existence control forces Eq.
(2) can be simplified as:
where: 
Stability Analysis of MEMS Gyroscope system
Consider LTI dynamical system as:
Quadratic stability is a special class of exponential stability, which implies asymptotic stability, and has attracted a lot of research efforts due to its importance in practice [9, 10] . It is known that the conditions for the existence of a CQLF can be expressed as linear matrix inequalities (LMIs) [9, 10] . Namely, there exists a positive definite symmetric matrix ,
An important problem is to determine necessary and sufficient condition for the existence of a quadratic
along any trajectory of the system (1) is negative definite, or alternatively that
Where Q positive definite and P are negative definite. The function V(x) is a common quadratic Lyapunov function (CQLF) for the linear time-invariant (LTI) dynamic systems, 
